


















pH 4.5 pH 10.5, 12 PEDOT:PSS
bR LUMO pH4.5  
















ࢦ ಋ ڭ һ Vohra Varunɹ।ڭत














෼Ԡ౴)ɽBRບް 0.04 µm, PEDOT:PSSບް 20 µm, ΞχʔϧԹ౓ 110ˆɼΞχʔϧؒ࣌ 10෼
Ͱ੒ບͨ͠ͱ͖ɼੵ෼Ԡ౴ͷग़ྗ͕͔ͨͬߴɽPEDOT:PSSͷ pHΛม͑ͨͱ͖ͷిൃޫࣜסૉ
ͷޫిྲྀԠ౴Λଌఆͨ͠ͱ͜Ζɼੜମ਌࿨ੑͱಋిੑͷόϥϯε͕औΕͨࢠ pH4.5Ͱߴग़ྗΛಘ
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ਤ 2.1ͷΑ͏ʹɼbR୯ྔମ͸ 7ຊͷཐટঢ়ʹΞϛϊ͕ࢎฒͿЋ-helixߏ଄ΛͱΔ [15].
ਤ 2.1ɹ bRͷ໛ࣜਤ [15]ɽࢵບதͷ bR͸ྔࡾମΛߏ੒͢Δɽ୯ྔମ͸Ξϛϊ͕࠯ࢎ 7ճંΓͨ
ͨ·Εͨ α-helixߏ଄ΛͱΔɽ
BR͸ಈ෺ͷࢹ෺࣭ϩυϓγϯͱ͓ͯࣅΓϨνφʔϧ (Vitamin A aldehyde)ΛؚΉ͕ɼޫরࣹ
ͷ൓Ԡ͕ҟͳΔɽޫরࣹ͢ΔͱɼϩυϓγϯͷϨνφʔϧ͸࣌ 11cis͔ܕΒ all − transܕʹҟੑ


























ೳૉࢠͱͯ͠஫໨͞Ε͍ͯΔ [18]ɽ1992೥ʹT. MiyasakaΒʹΑͬͯɼαϯυΠονߏܕ଄ͷ bR
ఏҊ͞Ε͕ͨثग़ݕޫࣜ࣪ [3]ɽBR࣪ݕޫࣜग़ثͷߏ଄ͱɼরࣹফ౮࣌ͷޫిྲྀԠ౴ΛͦΕͧΕ





































ਤ 2.5ɹ bRݕޫࣜסग़ث [19]ɽ(a)ߏ଄ɽ(b)ޫిྲྀԠ౴ɽਤ͸ۃ༺࡞ରۃͱ΋ʹ ITOΛ࢖༻͠
ͨ΋ͷͰ͋Δɽ
(a) (b)







΍ݻମిղίϯσϯα΍༗ػ EL ͷϗʔϧ஫ೖ૚ͳͲʹ෯͘޿༻͍ΒΕ͍ͯΔ [4].
ϙϦϚʔ͸ຊདྷઈԑମͰ͋Δ͕ɼΞΫηϓλʔ΋͘͠͸υφʔͷఴՃʹΑ͍ͬͯߴಋిੑ͕ൃ
Δ͢ݱ [21]ɽಋిੑϙϦϚʔͷ 1ͭͰ͋Δ PEDOT:PSSʹ͍ͭͯड़΂Δɽπڞ໾ܥಋిੑߴ෼ࢠ





ਤ 2.7ɹ PEDOT:PSSݒ୙ӷɽPSSΛυʔϓ͢Δͱ PEDOT͸ۙ੺֎ͷޫΛٵऩ͢ΔΑ͏ʹͳ
ΓɼPEDOT:PSS͸ೱ੨৭ͱͳΔɽ
Xઢߏ଄ղੳʹΑΓɼϑΟϧϜঢ়ʹ੒ບͨ͠ PEDOT:PSS͸ਤ 2.8(a)ͷΑ͏ͳίΞγΣϧߏ଄
Ͱ͋Δ͜ͱ͕൑໌ͨ͠ [22]ɽPSS͕ΞΫηϓλʔͱͯ͠PEDOTʹυʔϓ͍ͯ͠Δ͕ (ਤ 2.8(b))ɼ
ਫʹ PEDOT:PSS͕෼͍ͯ͠ࢄΔӷঢ়ͷ৔߹ɼૄਫੑͷ PEDOT͕த৺෦ʹू·ͬͯ nmఔ౓ͷ





















































































24.5±1ˆɼ࣪౓ 60±5%ɼӷԹΛ 14ˆͱͯ͠ɼ೚ҙͷҾ্଎౓Ͱ bRݒ୙ӷ (ೱ౓ 8.3 mg/mL)Λ
σΟοϓίʔςΟϯά๏ͰFTO্ʹ੒ບ͠ɼେؾதͰҰ൩ס૩ͤͨ͞ɽ࢖༻͢ΔPEDOT:PSS͸
૰ݚԽֶࣜגձ͔ࣾΒఏͯ͠ڙ௖͍ͨɽค຤ঢ়ͷ PEDOT:PSSʹೱ౓ 3.5 w%ͱͳΔΑ͏ʹ७ਫ
ΛఴՃͯ͠ɼϗϞδφΠβʔͰे෼ʹݒ୙͠೪౓Λ্ͨͤ͞޲ɽ੒ບੑΛ্ͤ͞޲ΔͨΊʹ࠷ऴೱ
౓ͷ 10 w%ͱͳΔΑ͏ʹೞΕࡐΛఴՃ͠ɼpHௐ੔Λͨ͏ߦΊ؇িࡐHEPES(ώυϩΩγΤνϧϐ






























































౴ͱɼޫরࣹதʹిྲྀ͕ྲྀΕଓ͚Δੵ෼Ԡ౴Λ؍ଌͨ͠ (ਤ 2.13)ɽҎ߱ɼۃ༺࡞ʹ FTO, ରۃʹ
PEDOT:PSSΛ༻͍ͨɼిղ࣭Λআ͍ͨݕޫࣜסग़ثΛ”ిൃޫࣜסૉࢠ”ͱ͢Δɽੵ෼Ԡ౴ͷৼ























































































Ձ͢ΔɽଌఆܥΛਤ ɽLCRϝʔλʔࣔ͢ʹ2.14 (NF ճ࿏ઃܭϒϩοΫ ZM2372)Λ༻͍ͯɼަྲྀ
ిѹͷप೾਺Λ 0.01 Hz∼100 kHzͷൣғͰม͑ͯɼΠϯϐʔμϯεΛଌఆͨ͠ɽిѹҹՃʹΑΔס

















mm/sͱ͠ɼҾ্ճ਺Λ 1, 2, 3, 4, 5ճͱมԽͤͯ͞ bRݒ୙ӷ (ೱ౓ 8.3 mg/mL)Λ FTO্ʹ੒
ບͨ͠ɽ৮਑ࣜද໘ܗঢ়ଌఆث Dektak-150(ULVACࣾ)Λ༻͍ͯଌఆͨ͠ bRບްͷҾ্ճ਺ґ
ଘੑΛਤ ɽҾ্଎౓ࣔ͢ʹ3.1 1, 2 mm/sͱ΋ʹɼ1૚͔Β 5૚ʹ͔͚ͯບް͕ઢܗʹ૿Ճ͍ͯ͠
ͨɽ·ͨɼಉ͡Ҿ্ճ਺Ͱൺֱ͢ΔͱɼҾ্଎౓͕ 2ഒʹͳΔͱບް΋͓Αͦ 2ഒʹͳͬͨɽ͜
ͷ͜ͱ͔ΒɼbRບް͸Ҿ্଎౓ʹରͯ͠΋ઢܗͰ͋Δͱ͑ߟΒΕΔɽΑͬͯɼҾ্଎౓ 1∼2, Ҿ
্ճ਺ 1∼5ͷൣғͰ FTO্ͷ bRບްΛ੍ޚͰ͖ͨɽ
ೱ౓ 3.0 w%, pH4.5ͷ PEDOT:PSSਫ෼ࢄӷΛόʔίʔςΟϯά๏Ͱ 3.1Ͱ੒ບͨ͠ bR্ʹ
੒ບͨ͠ɽ੒ບޙɼ110 ˆ, 10 ෼Ͱ೤ॲཧͨ͠ɽ࡞੡ͨ͠ిൃޫࣜסૉڧޫʹࢠ౓ 50 mW/cm2ɼ
೾௕ 532 nm ͷNd:YAGϨʔβʔΛরࣹ͠ଓ͚ͯޫిྲྀԠ౴Λଌఆͨ͠ɽਤ 3.2(a)ΑΓɼ͍ͣΕ
ͷҾ্଎౓Ͱ΋ bRບ͕ް͘ͳΔͱޫిग़ྗ͕ݮগͨ͠ɽBRͷઈԑੑʹΑͬͯޫిग़ྗ͕ݮগ͠
ͨͱ΋͑ߟΒΕΔ͕ɼͦΕΑΓ΋ bRͷੵ૚ʹΑΔք໘఍߅ʹΑΔ΋ͷͰ͋Δͱ͑ߟΔ๏͕ଥ౰Ͱ
͋Δɽಉ͡ bRບް (86 nm)Ͱൺֱ͢ΔͱɼҾ্଎౓ 2 mm/sͰ੒ບ͢Δͱ bR͸ 2૚Ͱք໘͕ 1


























































































ґଘੑɽ(a)ޫిग़ྗ (b)Ԡ౴ؒ࣌ɽ੺ͱ੨ͷϓϩοτ͸ͦΕͧΕҾ্଎౓ 1, 2 mm/sͰ FTO্
ʹ bRΛσΟοϓίʔτͨ͠ͱ͖ͷޫిྲྀԠ౴ଌఆͷ݁ՌΛද͍ͯ͠ΔɽͦΕͧΕͷҾ্଎౓ʹ
ͯɼࠨͷϓϩοτ͔Βॱʹ 1, 2, 3, 4, 5૚ͷ bRΛ੒ບ͍ͯ͠Δɽ
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σΟοϓίʔςΟϯά๏Λ༻͍ͯɼӷԹΛ 14ˆͱͯ͠ɼҾ্଎౓Λ 0.5, 1, 2, 3, 4, 5, 6, 7
mm/sͱมԽͤͯ͞ bRݒ୙ӷ (ೱ౓ 8.3 mg/mL)Λ FTO্ʹ੒ບͨ͠ɽ৮਑ࣜද໘ܗঢ়ଌఆث
Dektak-150(ULVACࣾ)Λ༻͍ͯଌఆͨ͠ɽBRບްͷҾ্଎౓ґଘੑΛਤ ɽҎ্ͷ৚ࣔ͢ʹ3.3
݅Ͱ੒ບͨ͠ bRບް͸ 8∼101 nmͰ͋ͬͨɽҾ্଎౓͕ 4 mm/sҎԼͰ bRບް͸Ҿ্଎౓ʹର
ͯ͠௚ઢతʹ૿Ճͨ͠ɽҾ্଎౓͕ 5 mm/sΛӽ͑Δͱɼບްͷ૿Ճ͕؇΍͔ʹͳͬͨɽ੒ບ͠
ͨ bR্ʹೱ౓ 3.0 w%, pH4.5ͷ PEDOT:PSSਫ෼ࢄӷΛόʔίʔςΟϯά๏Ͱ੒ບͨ͠ɽ੒ບ
ɼ110ޙ ˆ, 10 ෼Ͱ೤ॲཧͨ͠ɽ࡞੡ͨ͠ిൃޫࣜסૉڧޫʹࢠ౓ 50 mW/cm2ɼ೾௕ 532 nm ͷ































































































Έͨɽບް 40 nmͷ bR͕੒ບ͞Ε͍ͯΔ FTO্ʹೱ౓ 3.0 w%, pH1.9, 3.0, 4.5, 6.0, 7.5, 9.0,
10.5, 12ͷ PEDOT:PSSਫ෼ࢄӷΛɼbR্ʹόʔίʔςΟϯά๏Ͱ੒ບͨ͠ɽ੒ບޙɼΞχʔ
ϧԹ౓Λ 110ˆ, Ξχʔϧؒ࣌Λ 10෼ͱͯ͠೤ॲཧͨ͠ (ບް 20 µm)ɽ࡞੡ͨ͠ిൃޫࣜסૉ
ന৭ޫΛরࣹͯ͠ޫిྲྀԠ౴Λଌఆͨ͠ɽന৭ޫͷরࣹ໘ੵ͸ʹࢠ 2.25 cm2(1.5 cmํ࢛)Ͱ͋














































PEDOT:PSSບް੍ه͍ͯͭʹޚड़͢ΔɽӷԹΛ 14ˆɼҾ্଎౓Λ 2 mm/sͱͯ͠σΟοϓίʔ
ςΟϯά๏Ͱ bRݒ୙ӷ (ೱ౓ 8.3 mg/mL)ΛFTO্ʹ੒ບͨ͠ɽ͜ͷͱ͖ͷ bRບް͸ 40 nmͰ
͋Δɽ͜ͷ bR্ʹೱ౓ 3.0 w%ɼpH4.5ͷPEDOT:PSSਫ෼ࢄӷΛεϐϯίʔςΟϯά๏Ͱ੒ບ








PEDOT:PSSೱ౓Λ 1.0∼3.0 w%·Ͱม͑ͯɼPEDOT:PSSບްΛ 1.5∼7.5 µmͷൣғͰ੍ޚͰ͖
ͨɽ΢Σοτບް 100 µmʹ͍ͭͯ΋ಉ༷ͳೱ౓ͰPEDOT:PSSບްΛ 3.5∼15 µmͷൣғͰ੍ޚ





















































ӷԹΛ 14ˆɼҾ্଎౓Λ 2 mm/sͱͯ͠σΟοϓίʔςΟϯάͰ bRݒ୙ӷ (ೱ౓ 8.3 mg/mL)
ΛFTO্ʹ੒ບͨ͠ɽ͜ͷͱ͖ͷ bRບް͸ 40 nmͰ͋ͬͨɽ͜ͷ bR্ʹ pH4.5ɼೱ౓ 3.0 w%
ͷ PEDOT:PSSΛ੒ບͨ͠ɽ੒ບޙɼ110 ˆ, 10 ෼Ͱ೤ॲཧͨ͠ɽ೤ॲཧޙͷϙϦϚʔບް͸
0.1∼110 µmͰ͋ͬͨɽϙϦϚʔບް 50 µmҎ্͸Ωϟετ๏Ͱ੒ບͨ͠ɽ࡞੡ͨ͠ిൃޫࣜס
ૉڧޫʹࢠ౓ 50 mW/cm2ɼ೾௕ 532 nmɼϏʔϜܘ 5 mmͷNd:YAGϨʔβʔΛরࣹ͠ଓ͚ͯੵ
෼Ԡ౴ͷৼ෯͓ΑͼԠ౴ؒ࣌Λଌఆͨ͠ɽਤ ͷޫిྲྀԠ౴ͷϙϦϚʔບްґࢠૉిൃޫࣜסʹ3.8
ଘੑΛࣔ͢ɽϙϦϚʔບް͕ 0∼20 µmͷྖҬͰ͸ບްͷ૿Ճʹ൐͍ɼPEDOT:PSSʹؚ·ΕΔϓ
ϩτϯྔ͕૿͑ɼޫ ిग़ྗ͕ 125 nA/cm2·Ͱ૿Ճͨ͠ɽϙϦϚʔບް͕ 20 µmҎ্ͷͱ͖ɼޫ ి
ग़ྗ͸͓Αͦ 100 nA/cm2ఔ౓ʹͳͬͨɽ͜ͷͱ͖ɼບް૿Ճʹ൐͍ϓϩτϯྔ͸૿Ճ͢Δ͕ɼϙ
ϦϚʔࣗ਎ͷόϧΫ఍߅΋ಉ࣌ʹ૿Ճ͢ΔͷͰɼ͜ ΕΒ͕૬ͯ͠ࡴग़ྗ͸্͠޲ͳ͔ͬͨͱ͑ߟΒ
ΕΔɽਤ 3.8(b)ʹ͍ͭͯɼϙϦϚʔບް͕ 0∼10 µmͷྖҬͰ͸ບްͷ૿Ճʹ൐͍ɼPEDOT:PSS
ʹؚ·ΕΔϓϩτϯྔ͕૿͑ɼԠ౴͕ؒ࣌଎͘ͳͬͨɽϙϦϚʔບް͕ 10 µmҎ্ͷͱ͖ɼບް
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ਤ 3.8ɹޫిྲྀԠ౴ͷ PEDOT:PSSບް (pH4.5)ґଘੑɽ(a)ޫిग़ྗ (b)Ԡ౴ؒ࣌ɽϙϦϚʔ
ບް͕ 0∼20 µmͷྖҬͰ͸ບްͷ૿Ճʹ൐͍ɼPEDOT:PSSʹؚ·ΕΔϓϩτϯྔ͕૿͑ɼޫ
ిग़ྗ͕ 125 nA/cm2·Ͱ૿Ճͨ͠ɽϙϦϚʔບް͕ 20 µmҎ্ͷͱ͖ɼޫిग़ྗ͸͓Αͦ 100
nA/cm2ఔ౓ʹͳͬͨɽ
18
3.3.2 อޢບ (pH4.5)͓Αͼରۃ (pH1.9)Λ੒ບͨ͠৔߹
΂͖Ͱ͋Δɽ͕ͨͬ͢͠༺࢖ྉΛࡐ͍ߴΔͨΊʹɼಋిੑͷ্ͤ͞޲ͷग़ྗΛࢠૉిൃޫࣜס
ͯɼbR্ʹ pHͷ௿͍ PEDOT:PSSΛ੒ບ͢Ε͹Α͍ɽ͔͠͠ɼbRͱͷ਌࿨ੑΛྀ͢ߟΔඞཁ
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఍͕߅େ͖͍ͨΊԠ౴͕ؒ࣌஗͘ͳͬͨɽରۃບް͕ 5 µmҎ্ͷͱ͖Ԡ౴ؒ࣌͸ 100∼150 sͷ
ൣғͰҰఆʹͳͬͨɽอޢບް͕ 0.1 µmͷͱ͖ʹରۃΛ੒ບ͢ΔͱɼpH1.9ͷ PEDOT:PSS͔
19
Β bRΛ׬શʹอ͢ޢΔ͜ͱ͕Ͱ͖͍ͯͳ͍ɽอޢບް͕ 20 µmͷͱ͖ɼରۃບްͷ૿Ճʹ൐ͬ
ͯԠ౴͕ؒ࣌஗͘ͳͬͨɽઌ΄Ͳͱಉ༷ʹɼϙϦϚʔͷόϧΫ఍͕߅ແࢹͰ͖ͳ͘ͳͬͨͨΊͰ
͋Δͱ͑ߟΔɽ
ਤ 3.10ΑΓɼอޢບ͕ 0.1, 1 µmͷͱ͖ɼରۃບްͷ૿Ճʹͱ΋ͳ͍ޫిग़ྗͷ૿Ճͨ͠ɽ͜ͷ
৚݅Ͱͷ࠷దບްΛಘΒΕ͍ͯͳ͍ͨΊɼରۃΛ͞Βʹްͯ͘͠ޫిྲྀԠ౴Λଌఆ͍ͨ͠ɽ͔͠
͠ɼບް͕ 20 µmΛ͑͜ΔPEDOT:PSSΛҰճͰ੒ບ͢Δ͜ͱ͕ࠔ೉Ͱ͋ΔͨΊɼରۃΛ 2ճॏͶ
੡͠ɼޫ࡞Λࢠૉిൃޫࣜסͯ ిྲྀԠ౴Λଌఆͨ͠ɽbR্ʹೱ౓ 3.0 w%, pH4.5ͷPEDOT:PSS
ਫ෼ࢄӷΛບް͕ 0.1, 1 µmͱͳΔΑ͏ʹεϐϯίʔςΟϯά๏ (ͦΕͧΕ 8000, 1000 rpm)Ͱ
੒ບͨ͠ɽ੒ບޙɼ110 ˆ, 10 ෼Ͱ೤ॲཧͨ͠ɽ͞Βʹɼͦͷอޢບ্ʹೱ౓ 3.0 w%pH1.9ͷ
PEDOT:PSSਫ෼ࢄӷΛόʔίʔλʔ (όʔ No.8)Λ༻͍ͯ 2ճੵ૚͠ɼରۃͷશମͷບްΛ 20
µmʹͨ͠ɽ·ͨɼೱ౓ 3.5 w%ʹͯ͠ಉ༷ʹόʔίʔλʔ (όʔNo.8, 150)Λ༻͍ͯରۃͷશମ
ͷບްΛ 30, 40µmʹ PEDOT:PSSਫ෼ࢄӷΛ 2ճੵ૚ͨ͠ɽ੒ບ͝ͱʹ 110 ˆ, 10 ෼ͷ೤ॲཧ




ΕΔɽอޢບް 0.1 µmͱ͖ΑΓɼ1µmͷํ͕ग़ྗ͕େ͖͔ͬͨɽอޢບް͕ 0.1 µmͰ͋Δͱɼ
bRΛอޢͰ͖ͣʹ pH1.9ͷ PEDOT:PSS͕ bRҰ෦઀৮ͯ͠͠·͏ͨΊग़ྗ͕௿Լͨ͠΋ͷͱ
ΒΕΔɽ͑ߟ
Ҏ্ΑΓɼ࠷େग़ྗΛಘΔ৚݅͸อޢບް 10 µmɼରۃບް 10 µmͰ͋Γɼߴ଎Ԡ౴ͳΔ৚݅
͸อޢບް 5 µmɼରۃບް 10 µmͰ͋ͬͨɽҎ߱ͷ࣮ݧͰ͸࠷େग़ྗΛಘͨ৚݅ (อޢບް 10


































Thickness of counter electrode [µm]
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pH1.9(20 µm) on pH4.5(0.1 µm)
pH1.9(15+15 µm) on pH4.5(0.1 µm)
pH1.9(20+20 µm) on pH4.5(0.1 µm)
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pH1.9(15+15 µm) on pH4.5(1 µm)
pH1.9(10 µm) on pH4.5(10 µm)

















(b) อޢບް 1 µm
ਤ 3.11ɹରۃΛॏͶͯ੒ບͨ͠ͱ͖ͷޫిྲྀԠ౴೾ܗɽ(a)อޢບް 0.5 µm(b)อޢບް 1 µmɽ
ບްޢେग़ྗΛಘͨɼอ࠷ͱͯ͠ɼߟࢀ 10 µm, ରۃບް 10 µmͷޫిྲྀԠ౴೾ܗΛਤதʹࣔ͢ɽ
3.4 ΞχʔϧԹ౓͓Αͼؒ࣌ґଘੑ
લઅͰޫిग़ྗͷPEDOT:PSSບްґଘੑΛଌఆ͠ɼอޢບͱରۃͷບް͕͍ͮΕ΋ 10 µmͷ
ͱ͖࠷େग़ྗ (154 nA/cm2)Λಘͨɽอޢບ͓ΑͼରۃͷບްΛͦΕͧΕ 10 µmʹͯ͠ΞχʔϧԹ
౓ͱؒ࣌Λม͑ͯޫݕग़ثΛ࡞੡͠ɼޫ ిྲྀԠ౴Λଌఆͨ͠ɽӷԹΛ 14ˆɼҾ্଎౓Λ 2 mm/sͱ
ͯ͠σΟοϓίʔςΟϯάͰ bRݒ୙ӷ (ೱ౓ 8.3 mg/mL)Λ FTO্ʹ੒ບͨ͠ɽ͜ͷͱ͖ͷ bR
ບް͸ 40 nmͰ͋Δɽ੒ບͨ͠ bR্ʹೱ౓ 3.0 w%, pH4.5ͷPEDOT:PSSਫ෼ࢄӷΛόʔίʔ
τͰ੒ບͨ͠ (ບް 10 µm)ɽ੒ບޙɼΞχʔϧԹ౓Λ 70, 90, 110, 130, 150ˆ, Ξχʔϧؒ࣌Λͦ
ΕͧΕͷԹ౓ʹରͯ͠ 5, 10, 20, 30෼Ͱ೤ॲཧͨ͠ɽ͞Βʹɼͦͷอޢບ্ʹೱ౓ 3.0 w%, pH4.5
ͷ PEDOT:PSSਫ෼ࢄӷΛόʔίʔτͰ੒ບͨ͠ (ບް 10 µm)ɽ੒ບޙɼอޢບͱಉ༷ʹΞχʔ
ϧԹ౓Λ 70, 90, 110, 130, 150ˆ, Ξχʔϧؒ࣌ΛͦΕͧΕͷԹ౓ʹରͯ͠ 5, 10, 20, 30෼Ͱ೤ॲ
ཧͨ͠ɽ࡞੡ͨ͠ిൃޫࣜסૉڧޫʹࢠ౓ 50 mW/cm2ɼ೾௕ 532 nm ͷNd:YAGϨʔβʔΛর
ࣹ͠ଓ͚ͯੵ෼Ԡ౴ͷৼ෯͓ΑͼԠ౴ؒ࣌Λଌఆͨ͠ɽਤ 3.12(a)ΑΓɼ90, 110, 130ˆͰΞχʔ
ϧͨ͠ͱ͖ɼΞχʔϧ͕ؒ࣌ 5෼͔Β 10෼ʹ͔͚ͯޫిग़ྗ͕૿Ճ͍͖ͯ͠ɼ10෼Ҏ্Ξχʔϧ
͢Δͱग़ྗ͕ݮগ͍ͯ͘͠ɽԹ౓ͷ௿͍ 70ˆͷͱ͖͸ 20෼Ҏ্Ͱे෼ΞχʔϧͰ͖ͨͱ͍͑Δɽ





































































PEDOT:PSSʹ༹ੑۃഔδϝνϧεϧϗΩγυ (DMSO)ΛఴՃ͢Δํ๏ (Pre Adding Method,
PAM)ͱ੒ບޙʹDMSOΛఴՃ͢Δํ๏ (Post Spin Rinsing Method, PSRM)Λ༻͍ͯൃޫࣜס
ిૉࢠΛ࡞੡͠ɼޫిग़ྗ͓ΑͼԠ౴ؒ࣌Λଌఆ͠ൺֱ͢Δɽ
bR(40 nm)্ʹೱ౓ 3.0 w%, pH4.5, PAM ॲཧ (DMSO5.0 w%)ͨ͠PEDOT:PSSਫ෼ࢄӷ͔
PAMॲཧ͍ͯ͠ͳ͍΋ͷͷ͍ͣΕ͔ΛόʔίʔτͰ੒ບͨ͠ (ບް 10 µm)ɽ੒ບޙɼΞχʔϧԹ
౓Λ 110ˆ, Ξχʔϧؒ࣌Λ 10෼ͱͯ͠೤ॲཧͨ͠ɽ͞Βʹɼͦ ͷอޢບ্ʹಉ༷ʹೱ౓ 3.0 w%,
pH1.9, PAM ॲཧ (DMSO5.0 w%)ͨ͠ PEDOT:PSSਫ෼ࢄӷ͔ PAMॲཧ͍ͯ͠ͳ͍΋ͷͷ͍
ͣΕ͔όʔίʔτͰ੒ບͨ͠ (ບް 10 µm)ɽ੒ບޙɼอޢບͱಉ৚݅Ͱ೤ॲཧͨ͠ɽͦͷ্ɼର
DMSOΛʹ্ۃ 100 µLణԼ͠ 2000 rpm, 1෼ͰεϐϯίʔςΟϯάͨ͠ (PSRM)৔߹ͱPSRM
ॲཧ͍ͯ͠ͳ͍৔߹ͷ 2छྨͷσόΠεΛ࡞੡ͨ͠ɽ
౓ڧޫ 50 mW/cm2ɼ೾௕ 532 nm ͷNd:YAGϨʔβʔΛরࣹ͠ଓ͚ͯੵ෼Ԡ౴ͷৼ෯͓Αͼ
























อޢບ PAM ༗ 132 153
୯Ґ͸ [s]
















଎౓Λ 2 mm/sͱͯ͠ bRݒ୙ӷ (ೱ౓ 8.3 mg/mL)Λ FTO্ʹ੒ບͨ͠ (40 nm)ɽ͜ͷ bR্
ʹ pH4.5ɼೱ౓ 3.0 w%ͷ PEDOT:PSSਫ෼ࢄӷΛόʔίʔτͰ੒ບͨ͠ɽ੒ບޙɼΞχʔϧԹ
౓Λ 110ˆ, Ξχʔϧؒ࣌Λ 10෼ͱͯ͠೤ॲཧͨ͠ (ບް 10 µm)ɽPEDOT:PSS্ʹɼpH1.9ͷ
PEDOT:PSSਫ෼ࢄӷΛόʔίʔτͰ੒ບͨ͠ɽ੒ບޙɼΞχʔϧԹ౓Λ 110ˆ, Ξχʔϧؒ࣌Λ
10෼ͱͯ͠೤ॲཧͨ͠ (ບް 10 µm)ɽ࡞੡ͨ͠ిൃޫࣜסૉࢠʹϨʔβʔޫ·ͨ͸ന৭ޫΛরࣹ
ͯ͠ޫిྲྀԠ౴Λଌఆͨ͠ɽϨʔβʔޫͷরࣹ໘ੵ͸ 0.196 cm2(ϏʔϜܘ 5 mm)Ͱ͋Γɼೖࣹޫ
౓Λڧ 10, 20, 30, 40, 50, 76.45 mW/cm2ͱͨ͠ɽന৭ޫͷরࣹ໘ੵ͸ 2.25 cm2(1.5 cmํ࢛)Ͱ










































































σΟοϓίʔςΟϯά๏Λ༻͍ͯɼӷԹΛ 14ˆͱͯ͠ɼҾ্଎౓Λ 2 mm/sͱͯ͠ bRݒ୙ӷ (ೱ
౓ 8.3 mg/mL)ΛFTO্ʹ੒ບͨ͠ (40 nm)ɽ͜ͷ bR্ʹೱ౓ 3.0 w%ɼpH4.5ͷPEDOT:PSS
ਫ෼ࢄӷΛόʔίʔτͰ੒ບͨ͠ɽ੒ບޙɼ110ˆɼ10෼Ͱ೤ॲཧͨ͠ (ບް 10, 20 µm)ɽ10 µm
ͷ PEDOT:PSS্ʹ pH1.9ͷ PEDOT:PSSਫ෼ࢄӷΛόʔίʔτͰ੒ບͨ͠ɽ੒ບޙɼ110ˆɼ




ిग़ྗͷܦ೔มԽΛଌఆͨ͠ (ਤ 3.15)ɽFTO্ʹ bR(40 nm), pH4.5ͷ PEDOT:PSS(10 µm),
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ΠϯϐʔμϯεZ͸ෳૉ਺Ͱ͋Γɼ࣮ ਺੒෼Z ′ͱڏ਺੒෼Z ′′Ͱߏ੒͞Εɼڏ਺୯Ґ jΛ༻͍ͯ
Z = Z ′ − jZ ′′ (4.1)
Ͱද͞ΕΔɽ·ͨɼҐ૬ࠩ θΛ༻͍Δ͜ͱʹΑΓɼΠϯϐʔμϯεͷ࣮෦ͱڏ෦͸ɼ
Re[Z] = Z ′ = |Z| cos θ (4.2)
Re[Z] = Z ′′ = −|Z| sin θ (4.3)
ͱදͤΔɽਤ 4.1(b)ʹͨࣔ͠౳Ձճ࿏͸RctͱCdlͷฒྻճ࿏ʹRsol͕௚ྻ઀ଓ͞Ε͍ͯΔͷͰɼ
26
ਤ 4.1ɹ 2छͷ౳Ձճ࿏ [30]ɽ(a)෼ۃిੑۃɼ(b)ిղ༹࣭ӷͱ઀৮͍ͯ͠ΔిۃɽRsolɼCdlɼ
Rct͸ͦΕͧΕ༹ӷ఍߅ɼిؾೋॏ૚༰ྔɼిՙҠಈ఍߅Λද͢ɽ
ਤ 4.1(b)ʹͨࣔ͠౳Ձճ࿏͔Βಋ͔ΕΔΠϯϐʔμϯε͸
Z = Z ′ − jZ ′′












ͱͳΔɽ͞Βʹɼࣜ (4.4)ͱ (4.5)͔Β f Λফ͢ڈΔͱ
(Z ′ −Rsol −
Rct
2














Λਤ 4.2(b)ʹࣔ͢ɽNyquistઢਤͱಉ༷ʹɼߴप೾਺ҬͰ͸ log |Z| = logRsol ͱͳΓɼ௿प೾਺








FTO্ʹೱ౓ 3.0 w%ɼpH1.9, 3.0, 4.5, 6.0, 7.5, 9.0, 10.5, 12ͷ PEDOT:PSSਫ෼ࢄӷΛόʔ
ίʔτͰ੒ບͨ͠ɽ੒ບޙɼΞχʔϧԹ౓Λ 110ˆ, Ξχʔϧؒ࣌Λ 10෼ͱͯ͠೤ॲཧͨ͠ (ບ
ް 20 µm)ɽ੒ບͨ͠PEDOT:PSSͷΠϯϐʔμϯεεϖΫτϧΛ LCRϝʔλʔͰଌఆͨ͠ɽਤ
4.3(a)ΑΓɼ௿प೾ͰҰఆͷΠϯϐʔμϯεΛͱΓɼߴप೾ʹͳΔʹͭΕͯΠϯϐʔμϯε͕௿






















































































































ϯεͷઈର஋ |Z|, (b)Ґ૬ࠩ θ, (c)Nyquistઢਤ
29
4.2.2 ೖࣹޫڧ౓ґଘੑ
FTO্ʹೱ౓ 3.0 w%ɼpH1.9, 3.0, 4.5, 6.0, 7.5, 9.0, 10.5, 12ͷ PEDOT:PSSਫ෼ࢄӷΛόʔ
ίʔτͰ੒ບͨ͠ɽ੒ບޙɼΞχʔϧԹ౓Λ 110ˆ, Ξχʔϧؒ࣌Λ 10෼ͱͯ͠೤ॲཧͨ͠ (ບް


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































σΟοϓίʔςΟϯά๏Λ༻͍ͯɼӷԹΛ 14ˆͱͯ͠ɼҾ্଎౓Λ 2 mm/sͱͯ͠ bRݒ୙
ӷ (ೱ౓ 8.3 mg/mL)Λ FTO্ʹ੒ບͨ͠ (40 nm)ɽ͜ͷ bR্ʹೱ౓ 3.0 w%ɼpH1.9, 3.0, 4.5,
6.0, 7.5, 9.0, 10.5, 12ͷPEDOT:PSSਫ෼ࢄӷΛόʔίʔτͰ੒ບͨ͠ɽ੒ບޙɼΞχʔϧԹ౓Λ





















































































































ੑɽ(a)Πϯϐʔμϯεͷઈର஋ |Z|, (b)Ґ૬ࠩ θ, (c)Nyquistઢਤɽ
σΟοϓίʔςΟϯά๏Λ༻͍ͯɼӷԹΛ 14ˆͱͯ͠ɼҾ্଎౓Λ 2 mm/sͱͯ͠ bRݒ୙
ӷ (ೱ౓ 8.3 mg/mL)Λ FTO্ʹ੒ບͨ͠ (40 nm)ɽ͜ͷ bR্ʹೱ౓ 3.0 w%ɼpH3.0, 4.5ͷ
PEDOT:PSSਫ෼ࢄӷΛόʔίʔτͰ੒ບͨ͠ɽ੒ບޙɼΞχʔϧԹ౓Λ110ˆ,Ξχʔϧؒ࣌Λ10
෼ͱͯ͠೤ॲཧͨ͠ (ບް 10 µm)ɽ͞Βʹͦͷ্ʹಋిੑͷ͍ߴ pH1.9, 3.0, 4.5ͷ PEDOT:PSS
ਫ෼ࢄӷΛόʔίʔτͰ੒ບ͠ɼΞχʔϧԹ౓Λ 110ˆ, Ξχʔϧؒ࣌Λ 10෼ͱͯ͠೤ॲཧͨ͠
(ບް 10 µm)ɽ࡞੡ͨ͠ిൃޫࣜסૉࢠʹന৭ޫݯ (ೖࣹޫڧ౓: 0, 20, 40, 60, 80, 100 mW/cm2)
Λ࿈ଓরࣹ͠ɼΠϯϐʔμϯεεϖΫτϧΛ LCRϝʔλʔͰଌఆͨ͠ɽ
37
ਤ 4.11ΑΓɼpH1.9ͷͱ͖௿प೾ྖҬͷΠϯϐʔμϯεͷେ͖͕͞ 1 kΩͰ͋Δͷʹର͠ɼpH3.0,





ε͕૿Ճͨ͠ͱ͑ߟΒΕΔɽ·ͨɼରۃ pH1.9Ͱൺ΂Δͱɼอޢບ pH3.0ͷͱ͖ͷํ͕ bRͱͷ
਌࿨ੑ͕ѱ͘ɼ௿प೾ྖҬͷΠϯϐʔμϯε͕૿Ճͨ͠ɽ
ਤ 4.12ΑΓɼ௿प೾ྖҬͰ͸Ґ૬͕ࠩ 0ʹ઴ۙͨ͠ɽରۃ pH3.0, 4.5ͷͱ͖ɼҐ૬ࠩͷϐʔΫ












































































































































































ਤ 4.13ɹҟͳΔ pHͷϙϦϚʔΛੵ૚ͨ͠ͱ͖ͷ Nyquistઢਤɽ(a)อޢບ pH3.0, (b)อޢບ
pH4.5.
39
ୈ 3ষͰɼϙϦϚʔΛ 1૚੒ບ͢Δ৔߹ɼpH4.5ͷPEDOT:PSS͕ 20 µmͷͱ͖ߴग़ྗΛಘͨɽ




ԹΛ 14ˆͱͯ͠ɼҾ্଎౓Λ 2 mm/sͱͯ͠ bRݒ୙ӷ (ೱ౓ 8.3 mg/mL)Λ FTO্ʹ੒ບͨ͠
(40 nm)ɽ͜ͷ bR্ʹ pH4.5ɼೱ౓ 3.0 w%ͷ PEDOT:PSSਫ෼ࢄӷΛόʔίʔτͰ੒ບͨ͠ɽ
੒ບޙɼΞχʔϧԹ౓Λ 110ˆ, Ξχʔϧؒ࣌Λ 10෼ͱͯ͠೤ॲཧͨ͠ (ບް 20 µm)ɽΞχʔϧ
ͷ৚݅ΛͦΖ͑ΔͨΊʹɼບް 20 µmͷPEDOT:PSSΛΞχʔϧͨ͠ޙɼ࠶ͼಉ͡৚݅ͰΞχʔ
ϧͨ͠ɽ্هͷαϯϓϧͱ͸ผʹɼpH4.5ͷPEDOT:PSS(ບް 10 µm)্ʹɼpH4.5·ͨ͸ pH1.9
ͷ PEDOT:PSSਫ෼ࢄӷΛόʔίʔτͰ੒ບͨ͠ɽ੒ບޙɼΞχʔϧԹ౓Λ 110ˆ, Ξχʔϧ࣌
ؒΛ 10෼ͱͯ͠೤ॲཧͨ͠ (ບް 10 µm)ɽ
͜ΕΒͷిൃޫࣜסૉࢠͷΠϯϐʔμϯεεϖΫτϧΛ LCRϝʔλʔͰଌఆͨ͠ɽਤ 4.14(a)
ΑΓɼ͍ͣΕͷαϯϓϧͰ΋ɼ௿प೾ͰҰఆͷΠϯϐʔμϯεΛͱΓɼߴप೾ʹͳΔʹͭΕͯΠ
ϯϐʔμϯε͕ 0ʹ઴ۙͨ͠ɽ௿प೾ྖҬʹͯɼpH4.5ͷ PEDOT:PSSΛ 2૚ੵ૚ͨ͠ͱ͖ͷΠ
ϯϐʔμϯεͷઈର஋͕ 20 kΩͱଌఆͨ͠αϯϓϧͷதͰ࠷΋େ͖͔ͬͨɽ2ճΞχʔϧΛ͢Δ
ͱɼPEDOT:PSSͷಋిੑ্͕ͨ͠޲ɽ·ͨɼpH4.5ͷPEDOT:PSS্ʹ pH1.9ͷPEDOT:PSS





















0.01 0.1 1 10 100 1000 104 105
pH4.5(20 µm) one annealing
pH4.5(20 µm) two annealings
pH4.5(10 µm) on pH4.5(10 µm)




















0.01 0.1 1 10 100 1000 104 105
pH4.5(20 µm) one annealing
pH4.5(20 µm) two annealings
pH4.5(10 µm) on pH4.5(10 µm)

















0 5 10 15 20
pH4.5(20 µm) one annealing
pH4.5(20 µm) two annealings
pH4.5(10 µm) on pH4.5(10 µm)






























0 0.2 0.4 0.6 0.8 1
pH4.5(20 µm) one annealing
pH4.5(20 µm) two annealings
pH4.5(10 µm) on pH4.5(10 µm)






















Real part of impedance [k ]
(d)
ਤ 4.14ɹϙϦϚʔ 1૚ɼ2૚ͱͨ͠ͱ͖ͷ PEDOT:PSSͷΠϯϐʔμϯεεϖΫτϧɽ(a)Πϯ
ϐʔμϯεͷઈର஋ |Z|, (b)Ґ૬ࠩ θ, (c)Nyquistઢਤɼ(d)Nyquistઢਤ (֦େਤ)ɽ
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4.3.3 ೖࣹޫڧ౓ґଘੑ
σΟοϓίʔςΟϯά๏Λ༻͍ͯɼӷԹΛ 14ˆͱͯ͠ɼҾ্଎౓Λ 2 mm/sͱͯ͠ bRݒ୙ӷ
(ೱ౓ 8.3 mg/mL)ΛFTO্ʹ੒ບͨ͠ (40 nm)ɽ͜ͷ bR্ʹೱ౓ 3.0 w%ɼpH1.9, 3.0, 4.5, 6.0,
7.5, 9.0, 10.5, 12ͷPEDOT:PSSਫ෼ࢄӷΛόʔίʔτͰ੒ບͨ͠ɽ੒ບޙɼΞχʔϧԹ౓Λ 110
ˆ, Ξχʔϧؒ࣌Λ 10෼ͱͯ͠೤ॲཧ͠ (ບް 20 µm)ɼిൃޫࣜסૉࢠΛ࡞੡ͨ͠ɽന৭ޫݯͷ




















ͨNyquistઢਤΛਤ ɽϙϦϚʔࣔ͢ʹ4.17 pH3.0, 4.5, 6.0, 7.5, 9.0ͰRCฒྻճ࿏Λࣔ͢൒ԁ͕





















































































































































































































































































































































































































































































































































































































































































































































































































































































































Δ [5]ɽ͔͠͠ɼ4.2અʹͯɼPEDOT:PSSບ (20 µm)ͷ pHΛ্ঢͤͨ͞ͱ͜Ζɼதੑ෇ۙ (pH9.0)
ͰΠϯϐʔμϯε͕૿Ճͨ͠ɽ͜ͷݪҼΛղ໌͢΂͘ɼਤ 5.3ͷΑ͏ʹԾఆͨ͠ɽPEDOT:PSSpH
Λ্ঢͤ͞ΔͱɼPEDOT:PSSʹؚ·ΕΔH+ೱ౓͕ݮগ͢Δͱಉ࣌ʹOH−ೱ౓͕૿Ճ͢Δɽڧ
































UV/O3ચড়ͨ͠FTO্ʹೱ౓ 3.0 w%ɼpH1.9, 3.0, 4.5, 6.0, 7.5, 9.0, 10.5, 12ͷPEDOT:PSS
ਫ෼ࢄӷΛεϐϯίʔτͰεϐϯճస਺ 2000 rpm·ͨ͸ 8000rpm੒ບͨ͠ɽ੒ບޙɼΞχʔϧԹ







ΔɽҰํͰɼୈ 4ষʹ͞ࡌهΕ͍ͯΔPEDOT:PSSްບͷΠϯϐʔμϯεͷ pHґଘੑ (ਤ 4.1(a))
ͱൺ΂ΔͱɼPEDOT:PSSpHʹର͢ΔΠϯϐʔμϯεͷେ͖͕͞ҟͳͬͨɽਤ 4.1(a)Ͱ͸தੑྖ
Ҭ (pH9.0)Ͱߴ఍߅ͱͳ͕ͬͨɼਤ 5.4(a)Ͱ͸ߴ pHͰ͋Δ pH12Ͱߴ఍߅ͱͳͨɽPEDOT:PSS
ʹؚ·ΕΔH+·ͨ͸OH−ͷ૯਺ʹىҼ͢Δ΋ͷͱ͑ߟΒΕΔɽதੑྖҬͰ͸H+ͱOH−ͷ਺
͕౳͘͠ͳΓɼਖ਼ෛͰଧͪফ͋͠͏ͨΊΠΦϯ఍͕߅૿Ճ͢ΔɽͦͷࠜڌʹɼPEDOT:PSSബບ
Ͱੑࢎڧ (pH1.9, 3.0)·ͨ͸ڧԘੑج (pH12)ͷͱ͖ɼΠϯϐʔμϯεͷઈର஋͸प೾਺ʹର͠
͓͓ͯΑͦҰఆͱͳͬͨ (ਤ 5.4(a))ɽH+·ͨ͸OH−͕ա৒ʹଘ͍ͯ͠ࡏΔͨΊΠΦϯ఍͕߅௿







































































































































































ບް͕ 20 µmͷͱ͖ߴग़ྗͱͳͬͨ (Ϩʔβʔޫɿ120 nA/cm2ɼന৭ޫɿ25 nA/cm2)ɽpH4.5








































૰ݚԽֶࣜגձࣾͷԬຊ लೋ ༷ɼ઒ౡ ৳෉ ༷ɼٶຊ ߽ ༷ɼ৽ٶ հ༷ʹ͸ɼಋిੑϙϦϚʔܓ
PEDOT:PSSͷࡐྉఏڙΛͯ͠௖͖·ͨ͠ɽ৺ΑΓँײக͠·͢ɽ
৘ใ௨৴ߏػڀݚ (NICT) ͷּҪ ޾ࠀ ത࢜ɼాࢁ ढ़थ ത࢜ʹ͸ɼߴ౓޷ԘەͷഓཆɼbRͷ
୯཭ɼอଘ๏ʹ͍ͭͯͷ͝ࢦಋ͓ΑͼΞυόΠεΛ௖͖·ͨ͠ɽ·ͨɼFTO͓ΑͼςΫενϟՃ
Εͨ͞޻ FTOͷࡐྉఏڙΛͯ͠௖͖·ͨ͠ɽ৺ΑΓँײக͠·͢.
ԬాࣨڀݚͷେֶӃੜͰ͋ΔՃݹ জ͞ࢠΜɼᴡ౻ ᫼͞وΜɼધ໦ ౻ࠤฏ͞Μɼ߁ ༑඙͞Μɼ
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BR(40 nm)্ʹೱ౓ 3.0 w%, pH4.5ͷ PEDOT:PSSݒ୙ӷΛόʔίʔτͰ੒ບͨ͠ɽ੒ບޙɼ
ΞχʔϧԹ౓Λ 110ˆ, Ξχʔϧؒ࣌Λ 10෼ͱͨ͠ (ບް 10 µm)ɽ͞Βʹɼͦͷอޢບ্ʹೱ౓
3.0 w%, pH4.5, ͷPEDOT:PSSݒ୙ӷΛόʔίʔτͰ੒ບͨ͠ɽ੒ບޙɼอޢບͱಉ༷ʹΞχʔ
ϧԹ౓Λ 110ˆ, Ξχʔϧؒ࣌Λ 10෼ͱͨ͠ (ບް 10 µm)ɽ࡞੡ͨ͠ޫൃిૉجʹࢠ४ଠཅޫ
(AM1.5, 100mW/cm2)Λরࣹͯ͠ JVಛੑΛଌఆͨ͠ɽਤ A.1ΑΓɼ୹བྷిྲྀ͕ 6.32 µA/cm2ɼ
։์ిѹ 0.63 mVɼϑΟϧϑΝΫλʔ 20.2%ɼมޮ׵཰ 7.94×10−7%ͱͳͬͨɽ༗ػଠཅి஑ͷ
཰Ͱ͋Δޮ׵େม࠷ 15%ͱൺ΂Δͱ͜ͷޫݕग़ثͷஶ͘͠খ͔ͬͨ͞ɽ͜ͷݪҼͱͯ͠୹བྷిྲྀɼ




































































Ԡ౴Λ؍ଌͨ͠ɽbR(40nm)্ʹ pH4.5(10 µm), pH1.9(10 µm)ͷ PEDOT:PSSΛॱʹ੒ບͨ͠
౓ڧ੡ͨ͠ɽޫ࡞Λࢠૉిൃޫࣜס 50 mW/cm2ɼ೾௕ 532 nmɼϏʔϜܘ 5 mmͷNd:YAGϨʔ
βʔΛ࢖༻ͯ͠ਤB.1ͷΑ͏ʹ 2.5 mmͣͭরࣹҐஔΛͣΒ͠ɼ࡞੡ͨ͠ిൃޫࣜסૉࢠͷޫిग़
ྗΛଌఆͨ͠ɽ·ͨɼbR-PEDOT:PSSບͷۃ༺࡞ଆͷ୺ΛরࣹҐஔ 0 mmͱͨ͠ɽਤ B.2ΑΓ
શମͷ޲܏ͱͯ͠ɼরࣹҐஔ 5 mmͰ࠷େग़ྗͱͳΓɼ͔ͦ͜Β͓ۃ༺࡞Αͼରۃʹۙ͘΄Ͳग़ྗ
͕௿Լ͍ͯͬͨ͠ɽҐஔ࣠ͱਨ௚ํ޲ʹরࣹҐஔΛม͑ͯ΋ɼޫిग़ྗ͸େ͖͘มԽ͠ͳ͔ͬͨɽ
রࣹҐஔ 5 mmͰ࠷େग़ྗͱͳΔཧ༝ͱͯ͠ɼۃ༺࡞ͱରۃͷҐஔؔ͛ڍ͕܎ΒΕΔɽਤ B.1͔
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